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Abstract

Modeling nonlinear data, due to the presence of complex relationships and latent structures, requires ap-
proaches that go beyond classical linear models. In this study, the Bayesian neural network framework is em-
ployed to evaluate the performance of different Bayesian inference methods for nonlinear modeling. Three
widely used approaches in this area, namely Hamiltonian Monte Carlo, the adaptive No-U-Turn Sampler, and
Variational Inference, are implemented and compared within a nonlinear regression framework. The analysis is
conducted using both simulated and real-world datasets, and the methods are evaluated based on predictive accu-
racy, quality of posterior approximation, and computational efficiency. The results indicate that sampling-based
methods provide more accurate approximations of the posterior distribution, particularly in terms of uncertainty
quantification, whereas variational inference, despite a slight reduction in accuracy, offers competitive perfor-
mance due to its high computational efficiency and rapid convergence. The contribution of this study lies in
providing a systematic comparative assessment of these three inference approaches within the Bayesian neural
network framework for nonlinear regression, together with a discussion of their practical strengths and limita-

tions.
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